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1. INTRODUCTION
Understanding uncertainties and their sources is essential
when introducing appropriate design margins for light-water
reactors (LWRs), and when identifying where additional
efforts should be made to reduce prediction uncertainties.
Design margins have a very tangible effect on the nuclear
economy since they increase the fuel cycle and operating
costs of a nuclear reactor while also justifying the presence
of a more conservative power rating. For this reason the
uncertainty analysis (UA) and sensitivity analysis (SA) with
regard to modeling of LWRs should be further developed
and validated on scientific grounds in support of their per-
formance. The Nuclear Energy Agency (NEA), Organization
for Economic Co-operation and Development (OECD)
benchmark for Uncertainty Analysis in Modeling (UAM)
for design, operation and safety analyses of LWRs was
defined in order to facilitate this development and validation
and is named the OECD/NEA UAM-LWR benchmark [1]. 
The objective of the benchmark is to determine the
uncertainty in LWR system calculations at all stages of
coupled reactor physics/thermal hydraulic calculations,
which are currently used in the nuclear power generation
industry and regulation. The proposed technical approach
is to establish a benchmark for uncertainty analysis in
best-estimate modeling and coupled multi-physics and
multi-scale LWR analysis, using as a basis a series of well-
defined problems with complete sets of input specifications
and experimental reference data. The strategy of the bench-
mark is to first subdivide the complex LWR systems into
several exercises (corresponding to a pin cell, assembly, and
core geometry model), each of which will contribute to
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the total uncertainty of the final coupled system calculation
and will also identify any assumptions that were made at
each geometric level. The uncertainties in the resulting
LWR system calculations are determined for each step
and are then propagated through an integral LWR system
simulation for which high quality plant experimental data
exist. This will provide a total assessment of the overall
computer code uncertainty. 
The benchmark has been divided into three phases each
of which focuses on a different portion of the uncertainty
propagation and are as follows: 
• Phase I is known as the “Neutronics Phase”, and is
devoted to understanding uncertainties in prediction
of key reactor core parameters associated with LWR
stand-alone steady-state neutronics core simulation.
• Phase II is known as the “Core Phase”, and focuses
on determining the modeling uncertainties in different
physics phenomena occurring in the LWR core  under
steady-state and time-dependent conditions while using
the propagated uncertainties from Phase I.
• Phase III is known as the “System Phase”, and incor-
porates the uncertainties identified in Phases I and II
and propagates them through full core/system multi-
physics performance calculations.
Phase I is comprised of three exercises, each of which
focuses on a different geometric level (scale) of an LWR
simulation, based on the standard practices established in
the industry: cell physics (exercise I-1), lattice physics
(exercise I-2), and core physics (exercise I-3). Three main
LWR types are selected based on previous benchmark
experience and available data:
• Pressurized water reactor (PWR): Three Mile Island
Unit 1 (TMI-1)
• Boiling water reactor (BWR): Peach Bottom Unit 2
(PB-2)
• Russian PWR type reactor (VVER-1000): Kozloduy-
6 and Kalinin-3
Representative designs for Generation 3 PWR (GEN-
III) have also been added to Phase I and will serve as a
more complex LWR models since they contain both
Uranium Oxide (UOX) and Mixed Oxide (MOX) fuels.
Three test cases representing the KRITZ-2 LEU criticality
experiments (KRITZ-2:1, KRITZ-2:13, and KRITZ-2:19)
have also been added since their rod pitch sizes are similar
to those of the PB-2 and TMI-1 cores and since detailed
core measurements and experimental data are available.
In order to further broaden the scope of this benchmark,
the SNEAK-7A and 7B models of the Karlsruhe Fast
Critical Facility have been added to Exercise I-3 since they
have a unique set of experimental data for βeff uncertainties
and can be used as an example on how to calculate uncer-
tainty in βeff. The SNEAK models distinguish themselves
from other LWRs considered in this phase by being the
only fast reactor cases. All geometric and compositional
information is provided in the complete Phase I specification
[1] for each case of each exercise. The addition of these
cases will further test and compare the cross-section sen-
sitivity and/or uncertainty codes used by the benchmark
participants. 
The three principle sources of the LWR prediction
uncertainty model can be classified as input data uncertainty,
modeling uncertainty, and numerical approximations. Input
data uncertainties include uncertainties in basic input data,
such as neutron cross-section data and thermodynamic
properties, as well as as-built manufacturing uncertainties
in material compositions and geometric dimensions [2].
Modeling uncertainties arise from not being able to model
the LWR system of interest with the highest-possible fidelity
(resulting in a modeling bias) and from incomplete knowl-
edge of the boundary conditions and initial conditions.
Numerical approximations introduce further uncertainty
in LWR predictions through imperfect methods of model
nodalization and homogenization as well as through
approximations made in the numerical solution contributing
to the LWR prediction. For each exercise it is critical to
identify which new uncertainty sources are being taken
into account and which uncertainties are being propagated
from the previous exercise. In Phase I of the benchmark
the input uncertainties are specified as follows: best-estimate
values for input parameters supplemented by the variance-
covariance matrices (utilized for cross-section uncertainties),
and for other input uncertainties – probability distribution
functions (PDF) and associated parameters. Other important
parameters to be defined are the Output (O) uncertainties
and propagated Uncertainty parameters (U) for each exercise.
This task is directly related to the objective of each exercise.
The Output (O) uncertainties are for specified output
parameters for each exercise, used to test (evaluate) the
utilized uncertainty method. The propagated Uncertainty
parameters (U) are output parameters, which are selected
to be propagated further through the follow-up exercises
in order to calculate the overall resulting uncertainty. The
Phase I of the benchmark adopts the following approach.
For Output (O) uncertainties – requested is the best-estimate
value of the parameter with associated uncertainties where
the associated uncertainties are in terms of standard
deviation. For propagated Uncertainty parameters (U) –
requested is the best-estimate value of the parameter with
associated uncertainties where the associated uncertainties
are variance-covariance matrices.
As the source of their cross-section data the participants
can use the Nuclear Data Libraries (NDLs), which are
normally used in conjunction with their lattice physics
codes. The participants may use any of the major NDLs
such as Evaluated Nuclear Data Files (ENDF), Joint
European Fission and Fusion files (JEFF), Japanese
Evaluated Nuclear Data Library (JENDL), and TALYS-
based Evaluated Nuclear Data Library (TENDL) [3]. The
evaluation of nuclear data induced uncertainty is possible
by the use of nuclear data covariance information. The
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development of nuclear data covariance files is in progress
in the major NDLs. For the purposes of the OECD LWR
UAM benchmark the availability of covariance data is
important for all relevant nuclides (actinides, fission
products, absorbers and burnable poisons, structural
materials, etc.), present in the reactor core and reflector
regions of LWRs, covering the entire energy range of
interest (from 0 to 10 MeV), and for all relevant reaction
cross-section types. At the beginning of the OECD LWR
UAM activity (2007) the covariance data in the major
data files were scarce in terms of materials (including
actinides) and types of covariance matrices available. For
the purposes of the UAM benchmark for cross-section
covariance data, the 44-group covariance library from
SCALE 6.01 was suggested. The SCALE covariance
library data correspond to 44-group relative uncertainties
assembled from a variety of sources, including evaluations
from ENDF/B-VII, ENDF/B-VI, and JENDL-3.1 and
more than 300 approximated uncertainties [4]. The SCALE
covariance library also spans the full energy range of the
multi-group cross-section libraries and is therefore sufficient
for the purposes of this benchmark. In addition to the
covariance matrices, a utility program for interpolating or
collapsing from a given energy group structure to another
one was provided to participants. 
Recently more complete covariance data was provided
with ENDF/B-VII.1 and JENDL-4.0 releases and can be
used for the UAM benchmark. Any lattice solver may be
used for cross-section generation, and for core calculations
the established two-group energy structure for LWR analyses
is proposed for the majority of the benchmark’s activities.
Monte-Carlo stochastic sampling methods provide reference
solutions for the test problems of each exercise of Phase I.
Exercise I-1 is focused on the derivation of the multi-
group microscopic cross-section libraries. Its objective is
to address the uncertainties due to the basic nuclear data,
the impact of processing the nuclear and covariance data,
the selection of the multi-group structure, and the self-
shielding treatment. The intention of this exercise is to
propagate the cross-section uncertainties from evaluated
NDLs (microscopic point-wise cross-sections) into multi-
group microscopic cross-sections, which are used as inputs
by the participants’ lattice physics codes. By including
the uncertainty or covariance information, the analyst can
propagate cross-section data uncertainties through sensitivity
studies to the final calculated quantities of interest. The
covariance data files provide the estimated variance for
the individual data as well as any correlations that may
exist. The covariance information in the NDLs is given
with respect to point-wise cross-section data and resonance
parameters. 
2. EXERCISE I-1: CELL PHYSICS
2.1 Set 1
Exercise I-1 is separated into two subdivisions (or “Sets”)
each of which focuses on different reactor systems with
respect to a pin cell geometry. Set 1 encompasses four
different reactor system fuel pins: BWR PB-2 [5], PWR
TMI-1 [6], Kozloduy-6 VVER-1000 [7], and PWR GEN-III
with MOX [8]. Each fuel pin will be analyzed at both hot
zero power (HZP) and hot full power (HFP) conditions with
the exception of the GEN-III MOX case, which is to be
analyzed only at HFP conditions. For each pin cell model,
reflective boundary conditions are to be utilized for every
exterior surface. The fuel pin (or unit cell) configurations
are displayed in Fig. 1 for square geometries (PB-2, TMI-1,
and GEN-III) and for hexagonal geometries (Kozloduy-6). 
For each test case, keff and its absolute uncertainty based
on the multi-group covariance matrices utilized are requested.
In addition, the top five neutron-nuclide reactions, which
contribute the most uncertainty to keff are requested. Further,
one-group effective uncertainties of these top five neutron-
nuclide reactions are requested for comparison purposes
as some manipulations of the covariance matrices are
required prior to criticality analysis. One-group effective
uncertainty for each nuclide reaction is a simple measure
of the propagation of uncertainties. The equations used to
calculate one-group uncertainties are provided in [1]. The
microscopic absorption and fission cross-sections and their
uncertainties are also requested for both 235U and 238U as well
as the corresponding macroscopic fission and absorption
cross-sections for the fuel region. Lastly, the correlation
coefficient matrix for these seven values (keff and six
microscopic/macroscopic cross-sections) is requested where
the correlation coefficient between two output values (ρ1,2)
is given by:
where Cov(x1,x2) is the covariance between the two output
values, x1 and x2, and  σx1 and σx2 are the standard deviations
of x1 and x2, respectively. 
(1)
1The covariance data libraries for the recent release SCALE-6.1
and 6.2b1 are the same for SCALE-6.0
Fig. 1. Square (Left) and Hexagonal (Right) Configurations for
Exercise I-1 Pin Cells.
The requested format of the correlation coefficient
matrix, C, is illustrated in Eq. 2 for N outputs with relative
standard deviations ( σ˜) as the diagonal elements and the
correlation coefficients as the off-diagonal elements.
Note that from Eq. 1, ρi,j = ρj,i since Cov(xi, xj) = Cov(xj, xi)
and therefore only the upper or lower triangular portion of
the matrix needs to be submitted. All Phase I results are
submitted to the benchmark team using template files, which
are distributed to all participants for each set of each exercise.
2.2 Set 2
Set 2 of Exercise I-1 focuses on the KRITZ-LEU
criticality experiments KRITZ-2:1, KRITZ-2:13, and
KRITZ-2:19. The three cases will be analyzed at room
and elevated temperatures (denoted as “Cold” and “Hot”,
respectively). The requested output parameters of these
cases are identical to that of Set 1 of Exercise I-1. The
geometric configuration of each KRITZ pin cell case is
similar to the square configurations shown in Fig. 1. Similar
to Set 1, reflective boundary conditions are applied on all
exterior surfaces. No soluble boron is present in the mod-
erator for this exercise.
2.3 Exercise I-1b
The objective of this extension to Exercise I-1 is to
address the uncertainties in depletion calculations due to
the basic nuclear data, as well as the impact of the processing
of nuclear and covariance data. The purpose of Exercise
I-1b is to evaluate criticality values, reactions rates and
collapsed cross-sections, and nuclide concentrations
computed as well as their uncertainties for depletion in a
TMI-1 pin-cell model. The geometry and composition of
this case is identical to the TMI-1 fuel pin case of Set 1
of Exercise I-1. This case is to be analyzed only under
HFP operating conditions. Unlike the TMI-1 case of Set
1 of Exercise I-1, an active fuel length of 3571.20 mm is
utilized for this geometry. The fuel pin is burned through
a single complete irradiation cycle.
The requested output of Exercise I-1b is to provide keff
and its uncertainty as well as the top five neutron reactions
that contribute to its uncertainty. Also, participants are to
report the capture and fission reaction rate densities for 235U,
238U, 239Pu, 240Pu, and 241Pu. Further, the diffusion coefficient
and the two-group macroscopic absorption, fission, and
nu-fission cross-sections are requested with a thermal
energy cutoff of 0.625 eV for the fuel region. Lastly, the
number densities of a specified list of isotopes which
comprise the spent fuel and their associated uncertainties
are requested as output for this exercise. All requested
outputs for Exercise I-1b should be provided for a number
of different time-steps which may be during the irradiation
cycle or several years afterward. The time-steps during
the irradiation cycle correspond to fuel burnups of 0, 10,
20, 30, 40, 50, and 60 GWd/MTU. Time-steps outside of
the irradiation cycle correspond to the time of shutdown
as well as 1, 3, 5, 10, 50, and 100 years as fuel cooling
times.    
3. EXERCISE I-2: LATTICE PHYSICS
This exercise consists of the propagation of input
uncertainties through lattice physics calculations to target
output uncertainties in evaluated lattice-averaged parameters.
The lattice physics codes’ input uncertainties, which
contribute to the overall uncertainties of lattice-averaged
parameters and therefore need to be accounted for and
propagated, are considered to arise from three different
sources. The primary uncertainty source to be considered
in this exercise is the multi-group cross-section uncertainties,
which should be obtained by participants within the frame-
work of Exercise I-1. The uncertainties already present in
the basic nuclear data are processed along with the NDLs
into multi-group microscopic cross-section uncertainties,
and are affected by the selection of the multi-group structure
and the self-shielding treatment. These microscopic cross-
section uncertainties are assumed to follow normal Gaussian
distributions, and only the first and second moments of
the uncertainty distributions (i.e. the means and covariances)
are to be propagated through the lattice physics calculations.
The other sources of uncertainty to be considered in this
exercise are the uncertainties associated with methods
and modeling approximations utilized in lattice physics
codes and fuel/assembly manufacturing uncertainties.
The purpose of Exercise I-2 is to propagate these three
sources of uncertainty through lattice physics calculations,
in order to determine the uncertainties in the specified
output lattice-averaged parameters.
3.1 Set 1
Set 1 of Exercise I-2 is comprised of two-dimensional
(2-D) assembly models with reflective boundary conditions.
Assembly-level models of each pin-cell in Set 1 of Exercise
I-1 are represented in this set: PB-2, TMI-1, Kozloduy-6,
and the GEN-III model with MOX fuel. Unlike Exercise
I-1, however, the GEN-III reactor system is being repre-
sented by four assembly types with different fuel com-
positions and configurations but with similar geometries.
The assembly configurations are displayed in Fig. 2 for
PB-2 and in Fig. 3 for TMI-1 and Kozloduy-6, while the
four GEN-III assembly types are presented in Figs. 4 and 5.
Each assembly case is to be modeled under both rodded
and unrodded conditions at both HZP and HFP. 
Participants are encouraged to incorporate the available
manufacturing uncertainties for each assembly system,
which are displayed in Table 1 for PB-2 and TMI-1 and
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(2)
in Table 2 for Kozloduy-6 along with their suggested
probability distribution functions (PDFs) in parentheses.
There is no available manufacturing uncertainty data for
the GEN-III assembly types. The notation “3σ” is used to
represent three standard deviations from the mean for
that parameter. 
The requested output for each rodded or unrodded case
at HZP or HFP is as follows:
i) Assembly kinf and associated uncertainties
ii) Top five neutron-nuclide reaction contributors to
kinf uncertainty
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Fig. 2. PB-2 Assembly (Type 2) Configuration. Fuel Rod
Definitions are Provided in Ref. 1.
Fig. 4. GEN-III Assembly Types 1 (Left) and 2 (Right).
PB-2 (Normal Distribution) TMI-1 (Normal Distribution)
Table 1. Manufacturing Uncertainties for PB-2 and TMI-1 Assembly Models
Parameter
Fuel density, [g/cm3]
Fuel pellet diameter, [mm]
Cladding inner diameter, [mm]
Cladding thickness, [mm]
Parameter
Fuel density, [g/cm3]
Fuel pellet diameter, [mm]
Gap thickness, [mm]
Cladding thickness, [mm]
Fuel enrichment [235U w/o]
3σ
0.094822
0.013
0.04
0.04
3σ
0.17
0.013
0.024
0.025
0.00224
Fig. 5. GEN-III Assembly Types 3 (Left) and 4 (Right).
Fig. 3. TMI-1 (Left) and Kozloduy-6 (Right) Assembly
Configuration.
Central void diameter, [mm]
Fuel density, [g/cm3]
Fuel pellet diameter, [mm]
Cladding inner diameter, [mm]
Cladding outer diameter, [mm]
Fuel enrichment [235U w/o]
1.4
10.4
7.53
7.72
9.05
3.25
1.7
10.7
7.56
7.78
9.15
3.35
Kozloduy-6 (Uniform Distribution)
Parameter
Minimum
Value
Minimum
Value
Table 2. Manufacturing Uncertainties for the Kozloduy-6
Assembly Model
iii) Homogenized two-group macroscopic cross-
sections (absorption, Σa; fission, Σf ; scattering, Σs;
total, Σt; transport, Σtr; nu-fission, and kappa-fission)
for the fuel region using 0.625 eV as the thermal
energy limit and their associated uncertainties
iv) Diffusion coefficients (D) and associated uncer-
tainties where
and A is the nuclear mass number.
v) Fast and thermal fluxes and their associated
uncertainties
vi) Inversed neutron velocity and their associated
uncertainties
vii) Assembly discontinuity factors (ADFs) and
associated uncertainties
viii) Six-group decay constants and their associated
uncertainties
ix) Correlation coefficient matrix for all aforemen-
tioned two-group parameters (see Eq. 2) 
x) Pin powers and associated uncertainties for center
and corner pins of rodded and unrodded cases. If
the center pin is occupied by a non-fuel element
(such as in TMI-1 and Kozloduy-6), a directly
adjacent fuel pin should be chosen.
3.2 Set 2
In order to produce values for the reflector cross-section
and DFs, one-dimensional (1-D) assembly/reflector models
have been introduced which represent the standard model
utilized for reflector cross-section generation in LWR
analysis. 1-D models have been designed for the PB-2,
TMI-1, and Kozloduy-6 reactor systems, and as an example,
the TMI-1 model is displayed in Fig. 6 where the shroud
is composed of stainless steel type-304. These 1-D models
were constructed by calculating the effective radii of each
material for the appropriate unit cell. Reflective boundary
conditions on the leftmost boundary and vacuum boundary
conditions on the rightmost boundary should be applied
and the models should be analyzed at both HZP and HFP
as defined previously for that case. The requested outputs
for this set are the reflector cross-sections and discontinuity
factors at the fuel-reflector interface (at the fuel-water
interface for PB-2 and TMI-1 and at the fuel-baffle interface
for Kozloduy-6) at HZP and at HFP. Participants are to
also include pertinent information with respect to the
calculations of the discontinuity factors, such as the utilized
nodal method and mesh size. 
3.3 Set 3
In order to assess the uncertainties in few-group assembly
homogenized cross-sections and other nodal homogenized
parameters due to the utilization of numerical or modeling
approximations (such as pin cell homogenization, energy
group condensation, and assembly homogenization is a
single assembly environment), one has to decompose and
evaluate the errors of these approximations. This can be
accomplished by designing appropriate 2-D mini-core test
problems (color-sets) [9]. The mini-core configurations
for PB-2, TMI-1, and Kozloduy-6 are presented in Fig. 7.
The requested output of this exercise is the mini-core keff
and the relative pin powers, as well as their associated
uncertainties. 
3.4 Set 4
In order to further broaden the scope of Exercise I-2,
the KRITZ-2 LEU criticality experiments [10, 11] with
full core geometries have been added to Exercise I-2 as
Set 4. Vacuum boundary conditions are to be applied to the
outermost boundaries and the models should be analyzed
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Fig. 7. PB-2 (Left), TMI-1 (Center), and Kozloduy-6 (Right) Mini-core Configurations.
Fig. 6. TMI-1 Radial Reflector Model.
(3)
(4)
(5)
under “Cold” and “Hot” conditions. For each problem the
participants are requested to calculate the configuration
multiplication factors (keff) and the relative rod powers of
the rods for which the measurements were performed as
well as their associated uncertainties. 
4. EXERCISE I-3: CORE PHYSICS
In the current established calculation scheme for
LWR design and safety analysis, the lattice-averaged
(homogenized) few-group cross-sections are used as an
input to core calculations. The few-group cross-section
uncertainties (few-group covariance matrix) are to be
obtained by participants as output uncertainties within
the framework of Exercise I-2. In Exercise I-3 the few-
group cross-section uncertainties are input uncertainties
and must be propagated with uncertainties in evaluated
stand-alone neutronics core parameters. The propagation
of the cross-section uncertainties is the most important part
of Exercise I-3. Similar to Exercise I-2, all cross-section
uncertainties are assumed to follow normal Gaussian
distributions and only the first and second moments of
the uncertainty distributions i.e. the means and variances
/covariances, are to be propagated through the calculations. 
The other input uncertainties in Exercises I-3 are new
uncertainties added during the core stand-alone calculations.
The uncertainties, due to the basic modeling simplifications,
include the approximations currently accepted in the nuclear
industry, and the regulations for solving the neutron balance
equation. The established standard methodology for core
calculation in routine LWR design and safety analysis is
based on few-group (mostly two-group) diffusion methods.
Uncertainties are introduced from the geometry simpli-
fications utilized during the performed homogenizations
to derive the equivalent parameters as well as from the
choice of the spatial discretization scheme utilized in the
core simulator. The commonly used spatial discretization
schemes are the different types of nodal (finite-volume)
methods, finite-difference methods, finite-element methods,
etc. The participants are responsible for performing spatial
discretization convergence studies with their core simulator
codes in order to minimize the uncertainties associated with
numerical approximations (numerical method uncertainties)
present in their core simulator codes.
4.1 Set 1
Set 1 is comprised of full core three-dimensional (3-
D) test cases for BWR PB-2, PWR TMI-1, VVER-1000
Kozloduy-6, and PWR GEN-III (UOX and MOX) which
are based on real plant data. Zero flux boundary conditions
are to be applied at the radial and axial outer boundaries
of each core model. PB-2, TMI-1, and Kozloduy-6 test
cases are to be analyzed at HZP conditions and the GEN-
III cases are to be analyzed at HZP and HFP. The first
test case to be described is the PB-2 full core [5]. The PB-
2 core is made up of three different types of assemblies
(Types 1-3). The distribution of assemblies as well as a
horizontal cross-section of the PB-2 core case to be modeled
is displayed in Fig. 8. The reflector regions of this case
are comprised of just water. The type 2 assembly and
control rod data are identical to those utilized in Set 1 of
Exercise I-2. The configurations of assembly types 1 and
3 are provided in [1]. The participants are advised to divide
the active fuel length into 24 equidistant nodes with a
thickness of 15.24 cm each.
The second test case is the TMI-1 core [6] which is
comprised of three different assembly configurations: an
assembly with four gadolinium (Gd) pins, one with eight
Gd pins, and another with no Gd pins. The assembly type
with four Gd pins has been defined previously in Set 1 of
Exercise I-2 and its configuration is displayed in Fig. 3.
The assembly configuration with eight Gd pins is displayed
in Fig. 13. The assembly configuration with no Gd pins
is identical to the configuration in Fig. 13 except all of
the Gd pins have been replaced with non-Gd containing
pins that are identical to the other fuel pins in that assembly.
A horizontal cross-section of the TMI-1 core is present in
Fig. 9, in which each square, representing either a fuel
assembly or a reflector region (shaded area), has the same
dimensions. Although certain assemblies might share the
same configurations, the enrichments of the fuel in each
assembly, the amount of Gd present in the Gd rods, and
the presence of the burnable poison (BP) material Al2O3-B4C
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Fig. 8. Assembly Configuration (Left) and Horizontal Cross-
Section (right) of the PB-2 Core.
Fig. 9. TMI-1 Core Horizontal Cross-section (Left) and
Kozloduy-6 Core Horizontal Cross-section (Right).
is variable. For HZP conditions all control rods (groups 1
through 7) are assumed to be completely inserted except
the stuck rod at position N12, which is completely with-
drawn. Top and bottom axial reflectors should also be
modeled. The composition of the reflector regions correspond
to a homogenization of the reflector region in Fig. 6. Lastly,
only fresh fuel assemblies are considered and the soluble
boron concentration is assumed to be 5 ppm (parts per
million, 10-6) for this case. The participants are advised to
divide the active fuel length into 16 equidistant nodes
with a thickness of 22.32 cm each. 
The third test case for this set is the Kozloduy-6 VVER-
1000 full core [7], a horizontal cross-section of which is
displayed in Fig. 9. Fuel assemblies vary by control rod
groups and fuel enrichments. The boron concentration
for this test case is 5.95 g/kgH2O. Upper and lower axial
reflectors are assumed with a thickness of 23.6 cm. The
participants are advised to divide the active fuel length
into 10 equidistant nodes with a thickness of 355 mm each.
The last two test cases for Set 1 of Exercise I-3 are a
GEN-III full core with UOX fuel and another GEN-III full
core with MOX and UOX fuel. The design of the assemblies
and the material compositions have already been described
in Set 1 of Exercise I-2, except for the core reflector. The
radial reflector of this case is modeled on homogeneous
assemblies in SS-304 at the core boundary; beyond this
SS reflector, borated water should be used.
Concerning the core axial description, axial reflectors
are present at the bottom and the top of the active fuel
length and are represented by clads (identical to those
described in Set 1 of Exercise I-2) bathed with borated
water. These clads are filled with a zircaloy-4 tubes for
the lower axial reflector, and with a diluted SS-304 material
to model springs for the upper axial reflector. The axial
reflectors are 200 mm thick. Vacuum boundary conditions
are to be used for the outer boundaries of this case. Horizontal
cross-sections of both GEN-III cores are presented in Fig. 10
for the UOX and MOX cores. HZP and HFP conditions
are identical to those defined in the previous exercises.
The participants are advised to divide the active fuel length
into 21 equidistant nodes with a thickness of 20.0 cm each.
The requested output for each test case is as follows:
i) Core multiplication factor (keff) and associated
uncertainties
ii) Core axial offset (AO) and associated uncertainties
where P(z) is the axial power distribution and zbot, zmid,
and ztop correspond to the axial locations of the bottom,
center, and top of the active fuel length of the system,
respectively.
iii) Delayed neutron fraction (beta effective) and
associated uncertainties
iv) Inverse neutron flux velocities (fast and thermal)
and associated uncertainties
v) Six-group delayed neutron precursor decay
constants and their associated uncertainties
vi) Core axial power distribution and associated
uncertainties
vii) Radial assembly power distribution and associated
uncertainties
viii) Relative pin power distribution for select fuel
assemblies at a certain axial layer and their
associated uncertainties. The locations for each
test case are provided below in Table 3:
ix) Assembly-averaged fission and absorption reaction
rates for the chosen assemblies and their associated
uncertainties
x) Reactivity worths (in per cent mille – pcm) of the
most central control rods in chosen assemblies
(not applicable to GEN-III cores) and associated
uncertainties.
4.2 Set 2
Set 2 of Exercise I-3 encompasses the test case of the
Quad Cities Unit 1 (QC-1) BWR [12, 13] and is an optional
test case for benchmark participants. Reactor design and
operating data are provided in Refs. 12 and 13 and are
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PB-2
TMI-1
Kozloduy-6
GEN-III UOX
GEN-III MOX/UOX
Radial Location 
Central
Central
Central
Central
Central
Axial Layer
12
8
5
11
11
Assembly Location
Test Case
Table 3. Assemblies Chosen for Further Analysis in Each Test
Case for Set 1 of Exercise I-3
Fig. 10. GEN-III Assembly Types 3 (Left) and 4 (Right).
(6)
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distributed to interested participants in an electronic format.
This test case further broadens the scope of this benchmark
because the QC-1 core utilizes assembly geometry similar
to that of the PB-2 test case with varying fuel compositions.
The benchmark cold critical data were taken during start-
ups following outages, which were long enough to assume
Xe-free conditions and they include core average exposure,
reactor water temperature, rod pattern, and rising period.
Participants are to analyze this reactor system at its cold
critical state at the beginning of Cycle 1 (zero burnup)
and the requested output for this test case is simply keff
and its associated uncertainty.
4.3 Set 3
The test case of the Babcock and Wilcox (B&W) PWR
experiments [14, 15] is the focus of Set 3 of Exercise I-3
and is an optional test case for benchmark participants.
Reactor design and operating data are provided in Refs.
14 and 15, which are distributed to interested participants
in an electronic format. For these experiments, the central
region of the core closely resembled a 3x3 array of PWR
fuel assemblies with fuel rods arranged in a 15x15 lattice
(similar to the TMI-1 core). Participants are to analyze
Loading 2 of this reactor system and the requested output
for this test case is simply keff and relative rod-by-rod power
densities (fission rate distributions) of the central assembly
(using pin power reconstruction methods available in their
core simulator codes) as well as the associated uncertainties
of these parameters.
4.4 Set 4
For Set 4 of Exercise I-3 a core constructed from six
VVER-1000 fuel assemblies at atmospheric pressure and
“room” temperature was chosen as the test case. It is modeled
after experiments conducted at the Nuclear Research
Institute Rˇezˇ plc in the Czech Republic and modeling data
is provided in Ref. 14. Case 3 is selected for the purposes
of the OECD LWR UAM benchmark and interested
participants should simply calculate and report keff and its
associated uncertainty.
4.5 Set 5
Set 5 of Exercise I-3 is comprised of four different
test cases, which are based on the SNEAK 7A and 7B
experiments [16]. The main objective of this set is to
study the propagation of cross-section uncertainties in the
prediction of delayed neutron fraction (βeff) predictions.
Modeling and geometric data for these four test cases are
provided in Ref. 16. Simplified versions (shim and safety
rods are homogenized into the fuel region) of these facilities
are considered as two other test cases of this set and are
denoted as the R-Z models for the SNEAK 7A and 7B
reactors. The SNEAK 7A R-Z model is comprised of three
physical zones: the inner core, the outer core with the
homogenized shim and safety rods, and the blanket. The
7B R-Z model, meanwhile, just contains the homogenized
core and the blanket. 
The requested output for these four test cases is the
sensitivity and relative uncertainty breakdowns of βeff in
terms of the different neutron reactions and nuclear data
of the actinides present in the system. The neutron reactions
to be considered are elastic scattering, inelastic scattering,
neutron production (n,2n); fission (n,f), and gamma
absorption/capture (n,γ) while the nuclear data values to
be considered are the average number of delayed and prompt
neutrons released per fission reaction (νdel and νp, respectively).
The actinides to be considered are 235U, 238U, 239Pu, 240Pu,
241Pu, and 242Pu. 
5. SUMMARY OF REPRESENTATIVE PARTICIPANT
RESULTS
Every participant that has submitted results for Phase
I of the UAM OECD benchmark is listed in Table 4 along
with their country and participant code. Results of each
test case were averaged over all participants-submitted
values and are displayed in this section along with the
corresponding relative standard deviation (RSD). Some
submitted results are left out of the participant average due
to admitted errors in the calculations of the output parameter.
The top five neutron-nuclide reaction contributors to the
uncertainty in keff (or the uncertainty breakdown of keff)
are reported also. Neutron-nuclide reactions are referred
to by their corresponding MT values, which are described
in Table 5. All participants are to provide details regarding
what code system and estimation method were utilized in
order to produce their submitted results. Once all participant
data has been collected, results from similar methodologies
will be grouped together so that the resulting output
uncertainties may be compared for different code systems
and estimation methods. However, at this time, the bench-
mark team is still accepting submissions so all results listed
in this report are merely averaged for all participants,
regardless of methodology. The results of averaging
depend also on how many participants have submitted
results for a given requested parameter of interest. This fact
explains some of the values in some tables as well as the
deviations between different tables for the same parameter
and case.
5.1 Exercise I-1 Results
5.1.1 Set 1
The first test case of Set 1 is the PB-2 BWR pin cell,
which was analyzed at HZP and HFP conditions. Submitted
outputs and their relative standard deviations were
averaged over all participants and are summarized in
Table 6 for HZP results. The uncertainty breakdown of
keff averaged over all participants is displayed in Table 7
(along with other test cases) where the numbers at the top
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of the first row correspond to the MT value (see Table 5)
of the neutron-nuclide reaction and the bottom values
indicate the nuclide involved in the reaction. For example,
102
238U 
refers to mt102_238U or the radiative capture reaction
of U-238. Table 8 displays the correlation coefficient
matrix (defined in Eq. 2) for each of the output parameters
where underlined values correspond to the RSD of the
output parameter. It is important to note that very few
Table 4. UAM Benchmark Phase I Participants
Institution
Commissariat à l’énergie atomique
Chalmers University of Technology
Hungarian Academy of Sciences
Gesellschaft für Anlagen- und Reaktorsicherheit
Hacettepe University
Joz˘ef Stefan Institute
Japan Nuclear Energy Safety Organization
Karlsruhe Institute of Technology
McMaster University
Nuclear Research and Consultancy Group
Oak Ridge National Laboratory
Paul Scherrer Institut
The Pennsylvania State University 
Seoul National University
University of Michigan
University of Pisa
Universitat Politècnica de Catalunya
Universidad Politécnica de Madrid
VTT Technical Research Centre
Country
France
Sweden
Hungary
Germany
Turkey
Slovenia
Japan
Germany
Canada
The Netherlands
USA
Switzerland
USA
South Korea
USA
Italy
Spain
Spain
Finland
Participant Code1
CEA
CUT
EK
GRS
HU
IJS
JNES
KIT
MMU
NRG
ORNL
PSI
PSU
SNU
UM
UP
UPC
UPM
VTT
1The participant code may or may not correspond to the official abbreviations of the institutions mentioned and are used strictly as a
means to refer to individual participants in this report.
Table 5. ENDF/B Reactions and MT Values for Reactions Submitted in Phase I Results
ENDF/B MT Value
2
4
13
16
17
18
27
102
452
1018
Description
Elastic scattering
Inelastic scattering
Combined scattering (elastic and inelastic)
Production of two neutrons (n,2n)
Production of three neutrons (n,3n)
Fission
Neutron absorption
Radiative capture
Average total number of neutrons released per fission event (nu-bar)
Average fission neutron energy (chi-bar)
participants submitted a correlation coefficient matrix for
all cases. Due to this, the uncertainties of the values shown
in Table 6 are not exactly equal to those shown along the
diagonal in Table 8.
HFP results for the PB-2 case are displayed in the
same order as the HZP results in Tables 9-10.
The second test case of Set 1 is the TMI-1 PWR pin
cell which was analyzed at HZP and HFP conditions.
Submitted outputs and their relative standard deviations
were averaged over all participants and are summarized
in Table 11 for HZP results. The uncertainty breakdown
of keff is displayed in Table 7 for all participants and Table 12
displays the correlation coefficient matrix (defined in Eq.
2) for each of the output parameters. HFP results for the
TMI-1 case are displayed in the same order as the HZP
results in Tables 13-14.
The third test case of Set 1 is the Kozloduy-6 VVER-
1000 pin cell which was analyzed at HZP and HFP conditions.
Submitted outputs and their relative standard deviations
were averaged over all participants and are summarized
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Table 7. Submitted keff Uncertainty Breakdown Rankings
Test Case
PB-2, HZP
PB-2, HFP
TMI-1, HZP
TMI-1, HFP
V1000, HZP
V1000, HFP
GEN-III -
MOX, HFP
4 238U
4
3
5
4 
5 
4
1
18 235U
5
4
5
4
5
18 239Pu
4
102 235U
3
4
3
3
3
3
102 238U
1
1
1
1
1
1
3
452 235U
2
2
2
2
2
452 238U
2
1018 235U
5
452 239Pu
2
1018 239Pu
5
Table 8. Correlation Coefficient Matrix for Output Parameters of PB-2 at HZP
keff
σa,U-235
σa,U-238
σf,U-235
σf,U-238
Σa
Σf
keff
0.597
0.080
-0.564
0.196
0.145
-0.187
0.251
σa,U-235
1.032
0.224
0.972
-0.764
0.899
0.957
σa,U-238
1.146
0.215
-0.316
0.628
0.183
σf,U-235
1.055
-0.750
0.861
0.992
σf,U-238
2.773
-0.743
-0.654
Σa
0.848
0.848
Σf
0.871
keff
σa,U-235, [barns]
σa,U-238, [barns]
σf,U-235, [barns]
σf,U-238, [barns]
Σa, [cm-1]
Σf, [cm-1]
Parameter
1.3408
1.06E+01
7.79E-01
4.96E+01
8.30E-02
6.20E-02
3.59E-02
Value
0.603
0.393
0.764
0.743
2.958
0.848
0.871
Avg. RSD (%)
Table 6. Participant-averaged PB-2 Results at HZP
keff
σa,U-235, [barns]
σa,U-238, [barns]
σf,U-235, [barns]
σf,U-238, [barns]
Σa, [cm-1]
Σf, [cm-1]
Parameter
1.2257
2.20E+01
8.28E-01
3.29E+01
8.78E-02
4.66E-02
2.44E-02
Value
0.680
0.945
0.835
1.072
3.995
0.821
0.845
Avg. RSD (%)
Table 9. Participant-averaged PB-2 Results at HFP
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Table 14. Correlation Coefficient Matrix for Output Parameters of TMI-1 at HFP
keff
σa,U-235
σa,U-238
σf,U-235
σf,U-238
Σa
Σf
keff
0.573
0.035
-0.498
0.171
0.139
-0.157
0.214
σa,U-235
1.101
0.309
0.964
-0.771
0.934
0.952
σa,U-238
1.163
0.307
-0.358
0.628
0.285
σf,U-235
1.118
-0.762
0.895
0.994
σf,U-238
2.740
-0.757
-0.686
Σa
0.929
0.887
Σf
0.943
Table 10. Correlation Coefficient Matrix for Output Parameters of PB-2 at HFP
keff
σa,U-235
σa,U-238
σf,U-235
σf,U-238
Σa
Σf
keff
0.699
0.128
-0.560
0.245
0.199
-0.193
0.344
σa,U-235
1.072
0.162
0.959
-0.708
0.854
0.929
σa,U-238
1.085
0.161
-0.284
0.652
0.109
σf,U-235
1.087
-0.701
0.812
0.979
σf,U-238
2.811
-0.682
-0.539
Σa
0.821
0.773
Σf
0.845
Table 12. Correlation Coefficient Matrix for Output Parameters of TMI-1 at HZP
keff
σa,U-235
σa,U-238
σf,U-235
σf,U-238
Σa
Σf
keff
0.560
0.026
-0.492
0.164
0.137
-0.155
0.206
σa,U-235
1.096
0.311
0.964
-0.775
0.939
0.953
σa,U-238
1.156
0.309
-0.355
0.619
0.288
σf,U-235
1.113
-0.765
0.900
0.994
σf,U-238
2.743
-0.761
-0.691
Σa
0.927
0.893
Σf
0.942
keff
σa,U-235, [barns]
σa,U-238, [barns]
σf,U-235, [barns]
σf,U-238, [barns]
Σa, [cm-1]
Σf, [cm-1]
Parameter
1.4235
2.93E+01
7.51E-01
3.51E+01
9.62E-02
6.77E-02
4.03E-02
Value
0.586
0.729
1.061
0.801
4.198
0.929
0.942
Avg. RSD (%)
Table 11. Participant-averaged TMI-1 results at HZP
keff
σa,U-235, [barns]
σa,U-238, [barns]
σf,U-235, [barns]
σf,U-238, [barns]
Σa, [cm-1]
Σf, [cm-1]
Parameter
1.4075
2.98E+01
8.51E-01
3.43E+01
9.35E-02
6.77E-02
4.03E-02
Value
0.293
0.607
0.637
0.744
2.337
0.929
0.942
Avg. RSD (%)
Table 13. Participant-averaged TMI-1 Results at HFP
in Table 15 for HZP results. The uncertainty breakdown
of keff is displayed in Table 7. No correlation coefficient
matrices were submitted by participants for this test case,
neither at HZP nor at HFP. HFP results for the Kozloduy-6
case are displayed in the same order as the HZP results in
Table 16.
The last test case of Set 1 is the GEN-III PWR pin cell,
which was analyzed only at HFP conditions. Submitted
outputs and their relative standard deviations were averaged
over all participants and are summarized in Table 17.
The uncertainty breakdown of keff is displayed in Table 7,
and Table 18 displays the correlation coefficient matrix
(defined in Eq. 2) for each of the output parameters.
5.1.2 Set 2
The three test cases of Set 2 of Exercise I-1 are the
KRITZ-2:1, KRITZ-2:13, and KRITZ-2:19 pin cells,
which were analyzed under cold conditions (CC) and hot
conditions (HC). Submitted outputs for the KRITZ-2:1
case and their relative standard deviations were averaged
over all participants and are summarized in Table 19 for
cold results. Values marked with “N/A” were not submitted
by any participant. The uncertainty breakdown of keff is
displayed in Table 20. No correlation coefficient matrices
were submitted by participants for this test case, neither
at cold nor at hot conditions. Hot condition results for the KRITZ-2:1 case are displayed in the same order as the
cold results in Table 21.
Submitted outputs for the KRITZ-2:13 case and their
relative standard deviations were averaged over all par-
ticipants and are summarized in Table 22 for cold results.
Values marked with “N/A” were not submitted by any
participant. The uncertainty breakdown of keff is displayed
in Table 20. No correlation coefficient matrices were
submitted by participants for this test case, neither at cold
nor at hot conditions. Hot condition results for the KRITZ
-2:13 case are displayed in the same order as the cold
results in Table 23.
Submitted outputs for the KRITZ-2:19 case and their
relative standard deviations were averaged over all par-
ticipants and are summarized in Table 24 for cold results.
Values marked with “N/A” were not submitted by any
participant. The uncertainty breakdown of keff is displayed
in Table 20. No correlation coefficient matrices were
submitted by participants for this test case, neither at cold
nor at hot conditions. Hot condition results for the KRITZ-
2:19 cases are displayed in the same order as the cold
results in Table 25.
5.1.2 Exercise I-1b
For simplicity, the only time-step for which results are
shown in this report is at 60 GWd/MTU. The participant-
averaged results for the requested outputs of Exercise I-b
are displayed in Table 26 and the actinide and fission
product nuclide concentrations are displayed in Table 27.
The nuclides in Table 28 are reported in a ZZAAA format
where ZZ is the atomic number and AAA is the mass
325NUCLEAR ENGINEERING AND TECHNOLOGY,  VOL.46  NO.3  JUNE 2014
BRATTON et al., OECD/NEA Benchmark for Uncertainty Analysis in Modeling (UAM) for LWRs – Summary and Discussion of Neutronics Cases (Phase I)
keff
σa,U-235, [barns]
σa,U-238, [barns]
σa,Pu-239, [barns]
σa,Pu-240, [barns]
σa,Pu-241, [barns]
σa,Pu-242, [barns]
σf,U-235, [barns]
σf,U-238, [barns]
σf,Pu-239, [barns]
σf,Pu-240, [barns]
σf,Pu-241, [barns]
σf,Pu-242, [barns]
Σa, [cm-1]
Σf, [cm-1]
Parameter
1.1017
1.51E+01
9.01E-01
2.70E+01
2.18E+01
3.12E+01
1.19E+01
1.09E+01
1.19E-01
1.74E+01
6.49E-01
2.36E+01
4.99E-01
7.40E-02
2.93E-02
Value
0.947
1.030
0.834
1.243
1.398
1.276
6.553
0.900
2.479
1.300
1.728
1.293
4.288
1.050
0.982
Avg. RSD (%)
Table 17. Participant-averaged GEN-III MOX Results at HFP
keff
σa,U-235, [barns]
σa,U-238, [barns]
σf,U-235, [barns]
σf,U-238, [barns]
Σa, [cm-1]
Σf, [cm-1]
Parameter
1.3459
4.70E+01
9.83E-01
4.85E+01
9.58E-02
6.08E+01
4.91E+01
Value
0.644
0.707
0.750
0.720
2.645
2.333
8.139
Avg. RSD (%)
Table 15. Participant-averaged Kozloduy-6 Results at HZP
keff
σa,U-235, [barns]
σa,U-238, [barns]
σf,U-235, [barns]
σf,U-238, [barns]
Σa, [cm-1]
Σf, [cm-1]
Parameter
1.3298
5.79E+01
1.04E+00
4.74E+01
9.36E-02
6.08E+01
4.91E+01
Value
0.178
0.519
0.500
0.529
1.960
1.418
3.996
Avg. RSD (%)
Table 16. Participant-averaged Kozloduy-6 Results at HFP
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Table 18. Correlation Coefficient Matrix for Output Parameters of TMI-1 at HFP
keff
σa,U-235
σa,U-238
σa,Pu-239
σa,Pu-240
σa,Pu-241
σa,Pu-242
σf,U-235
σf,U-238
σf,Pu-239
σf,Pu-240
σf,Pu-241
σf,Pu-242
Σa
Σf
keff
0.98
-0.06
-0.30
-0.01
-0.06
-0.05
-0.23
-0.05
0.22
0.11
0.19
-0.06
0.08
-0.16
0.15
σa,U-235
1.36
0.36
0.80
0.68
0.82
0.02
0.86
-0.65
0.74
-0.68
0.80
-0.28
0.79
0.73
σa,U-238
1.18
0.39
0.33
0.39
0.06
0.40
-0.38
0.36
-0.42
0.38
-0.18
0.62
0.34
σa,Pu-239
1.26
0.76
0.91
-0.04
0.92
-0.72
0.94
-0.75
0.88
-0.31
0.92
0.93
σa,Pu-240
1.47
0.77
-0.08
0.78
-0.62
0.71
-0.64
0.75
-0.27
0.81
0.70
σa,Pu-241
1.27
0.01
0.94
-0.72
0.83
-0.75
1.00
-0.32
0.89
0.84
σa,Pu-242
8.08
0.00
-0.09
-0.04
-0.09
0.01
-0.02
0.19
-0.06
σf,U-235
1.17
-0.73
0.84
-0.76
0.91
-0.32
0.90
0.84
σf,U-238
2.36
-0.66
0.85
-0.70
0.36
-0.73
-0.56
σf,Pu-239
1.30
-0.69
0.84
-0.29
0.86
0.99
σf,Pu-240
1.36
-0.73
0.34
-0.77
-0.63
σf,Pu-241
1.29
-0.31
0.87
0.83
σf,Pu-242
3.72
-0.32
-0.25
Σa
1.05
0.84
Σf
0.98
keff
σa,U-235, [barns]
σa,U-238, [barns]
σf,U-235, [barns]
σf,U-238, [barns]
Σa, [cm-1]
Σf, [cm-1]
Parameter
1.2348
8.16E+01
9.82E-01
6.78E+01
9.04E-02
N/A
N/A
Value
0.204
1.030
1.120
1.050
3.850
N/A
N/A
Avg. RSD (%)
Table 19. Participant-averaged Results for KRITZ-2:1 under
Cold Conditions
Table 20. Submitted keff Uncertainty Breakdown Results for KRITZ Cases
Test Case
KRITZ-2:1 - CC
KRITZ-2:1 - HC
KRITZ-2:13 - CC
KRITZ-2:13 - HC
KRITZ-2:19 - CC
KRITZ-2:19 - HC
4 238U
4
4
4
4
18 235U
5
5
5
5
18 239Pu
2
2
102 235U
3
3
3
3
102 238U
1
1
1
1
4
4
102 239Pu
3
3
452 235U
2
2
2
2
5
5
452 239Pu
1
1
keff
σa,U-235, [barns]
σa,U-238, [barns]
σf,U-235, [barns]
σf,U-238, [barns]
Σa, [cm-1]
Σf, [cm-1]
Parameter
1.1941
7.48E+01
9.74E-01
6.19E+01
8.77E-02
8.33E+01
6.84E+01
Value
0.627
1.087
1.064
1.102
4.201
1.480
N/A
Avg. RSD (%)
Table 21. Participant-averaged Results for KRITZ-2:1 under
Hot Conditions
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keff
σa,U-235, [barns]
σa,U-238, [barns]
σf,U-235, [barns]
σf,U-238, [barns]
Σa, [cm-1]
Σf, [cm-1]
Parameter
1.2662
1.07E+02
1.09E+00
8.97E+01
9.22E-02
N/A
N/A
Value
0.469
0.906
1.098
0.924
3.521
N/A
N/A
Avg. RSD (%)
Table 22. Participant-averaged Results for KRITZ-2:13 under
Cold Conditions
keff
σa,U-235, [barns]
σa,U-238, [barns]
σa,Pu-239, [barns]
σa,Pu-240, [barns]
σa,Pu-241, [barns]
σa,Pu-242, [barns]
σf,U-235, [barns]
σf,U-238, [barns]
σf,Pu-239, [barns]
σf,Pu-240, [barns]
σf,Pu-241, [barns]
σf,Pu-242, [barns]
Σa, [cm-1]
Σf, [cm-1]
Parameter
1.2811
1.14E+02
1.17E+00
2.55E+02
1.71E+02
2.97E+02
3.47E+01
9.57E+01
1.08E-01
1.76E+02
5.61E-01
2.20E+02
4.15E-01
N/A
N/A
Value
0.293
0.842
1.097
0.840
1.270
1.170
11.090
0.865
2.922
1.060
2.060
1.360
4.430
N/A
N/A
Avg. RSD (%)
Table 24. Participant-averaged Results for KRITZ-2:19 under
Cold Conditions
keff
σa,U-235, [barns]
σa,U-238, [barns]
σf,U-235, [barns]
σf,U-238, [barns]
Σa, [cm-1]
Σf, [cm-1]
Parameter
1.2307
5.80E+01
7.00E-01
4.82E+01
6.11E-02
N/A
N/A
Value
0.248
1.029
1.069
1.043
4.062
N/A
N/A
Avg. RSD (%)
Table 23. Participant-averaged Results for KRITZ-2:13 under
Hot Conditions
keff
σa,U-235, [barns]
σa,U-238, [barns]
σa,Pu-239, [barns]
σa,Pu-240, [barns]
σa,Pu-241, [barns]
σa,Pu-242, [barns]
σf,U-235, [barns]
σf,U-238, [barns]
σf,Pu-239, [barns]
σf,Pu-240, [barns]
σf,Pu-241, [barns]
σf,Pu-242, [barns]
Σa, [cm-1]
Σf, [cm-1]
Parameter
1.2992
8.60E+01
1.10E+00
2.38E+02
1.63E+02
2.51E+02
3.48E+01
7.16E+01
1.07E-01
1.58E+02
5.63E-01
1.86E+02
4.16E-01
N/A
N/A
Value
0.288
0.878
1.058
0.850
1.230
1.120
11.090
0.894
3.070
1.050
2.090
1.300
4.490
N/A
N/A
Avg. RSD (%)
Table 25. Participant-averaged Results for KRITZ-2:19 under
Hot Conditions
keff
Ra,U-235, [1/cm3s]
Ra,U-238, [1/cm3s]
Ra,Pu-239, [1/cm3s]
Ra,Pu-240, [1/cm3s]
Ra,Pu-241, [1/cm3s]
Rf,U-235, [1/cm3s]
Rf,U-238, [1/cm3s]
Rf,Pu-239, [1/cm3s]
Rf,Pu-240, [1/cm3s]
Rf,Pu-241, [1/cm3s]
Σa,1, [cm-1]
Σa,2, [cm-1]
Σf,1, [cm-1]
Σf,2, [cm-1]
Σnu-f,1, [cm-1]
Σnu-f,2, [cm-1]
D1, [cm]
D2, [cm]
Parameter
0.9030
5.34E+11
6.93E+12
2.52E+12
2.18E+12
5.15E+11
2.19E+12
8.23E+11
4.56E+12
1.68E+10
1.44E+12
1.31E-02
1.20E-01
2.02E-03
5.84E-02
5.57E-03
1.62E-01
1.41E+00
3.54E-01
Value
0.891
1.940
1.394
1.659
1.910
2.059
1.397
3.589
1.431
2.960
1.982
0.906
0.666
0.987
0.815
1.187
1.051
0.022
0.010
Avg. RSD (%)
Table 26. Participant-averaged Results for Exercise I-b at 60
GWd/MTU
number of the nuclide. The uncertainty breakdown of keff
is displayed in Table 9.
5.2 Exercise I-2 Results
5.2.1 Set 1
The first test case to be analyzed in Set 1 of Exercise
I-2 was the PB-2 unrodded assembly. The participant-
averaged results for HZP conditions are summarized in
Table 29. The uncertainty breakdown of keff is displayed
in Table 30 (along with the other test cases of Exercise I-
2) and Table 31 displays the correlation coefficient matrix
(defined in Eq. 2) for select output parameters. HFP results
for the PB-2 unrodded case are displayed in the same
order as the HZP results in Tables 32-33.
The second test case to be analyzed in Set 1 of Exercise
I-2 was the TMI-1 unrodded assembly. The participant-
averaged results for HZP conditions are summarized in
Table 34. The uncertainty breakdown of keff is displayed
in Table 30 and Table 35 displays the correlation coefficient
matrix (defined in Eq. 2) for select output parameters.
HFP results for the TMI-1 unrodded case are displayed
in the same order as the HZP results in Tables 36-37.
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Table 27. Participant-averaged Actinide and Fission Product Nuclide Concentrations for Exercise I-b at 60 GWd/MTU
Nuclide
92233
92234
92235
92236
92238
93237
94238
94239
94240
94241
94242
95241
95243
96244
42095
43099
44101
44106
45103
47109
55133
55134
55135
55137
57139
Value
1.41E+14
5.04E+18
1.74E+20
1.58E+20
2.08E+22
2.03E+19
1.07E+19
1.60E+20
7.59E+19
4.68E+19
2.31E+19
1.99E+18
7.00E+18
3.61E+18
6.90E+19
7.44E+19
7.40E+19
1.18E+19
3.66E+19
7.00E+18
7.63E+19
1.16E+19
3.43E+19
8.59E+19
8.57E+19
Avg. RSD (%)
2.100
3.130
0.580
0.390
0.120
0.780
0.851
1.300
1.910
1.450
1.400
1.841
1.900
2.090
4.776
1.363
1.290
1.910
2.702
2.872
1.016
1.718
1.291
1.250
1.286
Nuclide
58140
58142
58144
60142
60143
60145
60146
60148
60150
62147
62148
62149
62150
62151
62152
62154
63151
63153
63154
63155
64154
64155
64156
64158
64160
Value
8.48E+19
7.75E+19
1.44E+19
2.08E+18
4.79E+19
4.18E+19
5.03E+19
2.45E+19
1.18E+19
5.23E+18
1.19E+19
1.05E+17
1.88E+19
6.33E+17
5.26E+18
2.47E+18
7.89E+14
7.30E+18
1.94E+18
5.64E+17
2.69E+17
5.80E+15
7.71E+18
1.43E+18
7.28E+16
Avg. RSD (%)
1.161
1.142
1.705
1.846
1.155
1.236
0.993
0.966
1.282
1.521
1.421
16.343
1.317
3.320
1.797
1.230
4.451
6.079
11.263
18.628
5.244
15.470
4.158
6.925
2.944
Test Case
Exercise I-b
452 239Pu
1
102 238U
2
4 238U
3
18 238U
4
452 235U
5
Table 28. Submitted keff Uncertainty Breakdown Results for
Exercise I-b
The third test case to be analyzed in Set 1 of Exercise
I-2 was the Kozlody-6 unrodded assembly. The participant-
averaged results for HZP conditions are summarized in
Table 38. Values marked with “N/A” have not yet been
submitted by any participant. No uncertainty breakdowns
of keff were submitted by participants for this test case,
neither at HZP nor at HFP. Also, no correlation coefficient
matrices were submitted by participants for this test case,
neither at HZP nor at HFP. The participant-averaged results
for HFP conditions are summarized in Table 39.
Lastly, the four GEN-III assembly types were the fourth
test cases to be analyzed for Exercise I-2 all at HFP conditions.
The participant-averaged results for assembly type 1 while
at HFP conditions are summarized in Table 40. Values
marked with “N/A” have not yet been submitted by any
participant. The uncertainty breakdown of keff is displayed
in Table 30. No correlation coefficient matrices were
submitted by participants for any assembly type, neither
at HZP nor at HFP. Also, no HZP results were reported
by any participants for any of the assembly types. The
participant-averaged results and the keff uncertainty break-
downs for assembly types 2 and 3 are displayed in Tables
41 and 42 and Tables 43-44, respectively. The participant-
averaged results for assembly type 4 are summarized in
Table 45. There was no k-eff uncertainty breakdown
submitted for assembly type 4.
For simplicity, all rodded results for Exercise I-2 have
been omitted from this paper. The results, which were
submitted for Exercise I-2 including manufacturing uncer-
tainties in addition to cross-section uncertainties as input
uncertainties are also omitted. 
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Table 29. Participant-averaged PB-2 Unrodded Assembly Results at HZP
Parameter
kassembly
Σa,1, [cm-1]
Σa,2, [cm-1]
Σf,1, [cm-1]
Σf,2, [cm-1]
Σs,1→1, [cm-1]
Σs,1→2, [cm-1]
Σs,2→1, [cm-1]
Σs,2→2, [cm-1]
Σt,1, [cm-1]
Σt,2, [cm-1]
Σtr,1, [cm-1]
Σtr,2, [cm-1]
D1, [cm]
D2, [cm]
Σnu-f,1, [cm-1]
Σnu-f,2, [cm-1]
Σkappa-f,1, [cm-1]
Σkappa-f,2, [cm-1]
Value
1.1067
7.15E-03
5.46E-02
1.90E-03
2.79E-02
5.45E-01
2.16E-02
2.20E-02
1.44E+00
5.64E-01
1.52E+00
2.92E-01
7.41E-01
1.47E+00
3.29E-01
4.85E-03
6.67E-02
5.86E-14
8.38E-13
RSD (%)
0.519
0.882
0.324
0.734
0.324
0.843
1.040
1.101
0.130
0.845
0.128
1.671
0.362
1.335
0.134
0.857
0.448
0.765
0.330
Parameter
Φ1, [1/cm2s]
Φ2, [1/cm2s]
v-11, [s/m]
v-12, [s/m]
λ1, [s-1]
λ2, [s-1]
λ3, [s-1]
λ4, [s-1]
λ5, [s-1]
λ6, [s-1]
ADF1
ADF2
Pcenter pin, [kW/cm]
Pcorner pin 1, [kW/cm]
Pcorner pin 2, [kW/cm]
Pcorner pin 3, [kW/cm]
Pcorner pin 4, [kW/cm]
Value
6.77E-01
3.23E-01
2.14E-08
2.31E-06
1.25E-02
3.08E-02
1.14E-01
3.06E-01
1.19E+00
3.18E+00
9.55E-01
1.24E+00
8.36E-01
1.12E+00
1.15E+00
1.15E+00
1.13E+00
RSD (%)
0.401
0.841
1.207
0.050
0.021
0.016
0.081
0.061
0.070
0.099
0.115
0.058
0.082
0.117
0.079
0.079
0.086
Test Case
PB-2, HZP
PB-2, HFP
TMI-1, HZP
TMI-1, HFP
GEN-III, 1
GEN-III, 2
GEN-III, 3
452 235U
2
2
2
2
2
3
3
4 238U
5
5
5
5
4
1
1
102 238U
1
1
1
1
1
2
2
18 235U
4
4
4
4
5
5
5
102 235U
3
3
3
3
3
4
4
Table 30. Submitted keff Uncertainty Breakdown Results
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Table 31. Correlation Coefficient Matrix for Select Output Parameters of PB-2 Unrodded Assembly at HZP
kassembly
Σa,1
Σa,2
Σf,1
Σf,2
Σs,1→2
Σtr,1
Σtr,2
D1
D2
Σnu-f,1
Σnu-f,2
Σkappa-f,1
Σkappa-f,2
kassembly
0.54
-0.44
-0.45
0.30
0.31
-0.11
-0.19
-0.13
0.17
-0.01
0.37
0.64
0.29
0.41
Σa,1
0.96
0.28
-0.05
0.00
0.09
0.31
0.06
-0.61
0.06
-0.07
-0.03
0.01
-0.04
Σa,2
0.31
0.06
0.55
0.20
0.02
0.15
-0.02
0.01
0.03
0.29
0.05
0.40
Σf,1
0.61
0.18
0.00
-0.30
0.00
0.21
0.04
0.82
0.13
1.00
0.18
Σf,2
0.34
0.01
0.01
0.00
-0.01
-0.03
0.11
0.74
0.17
1.01
Σs,1→2
0.71
0.06
0.73
-0.04
-0.32
0.03
0.08
0.05
0.11
Σtr,1
1.29
0.07
-0.79
-0.07
-0.25
0.01
-0.25
0.02
Σtr,2
0.59
-0.02
-0.63
0.02
0.00
0.03
0.00
D1
1.65
0.01
0.19
-0.03
0.12
-0.03
D2
0.24
0.02
0.03
0.03
0.04
Σnu-f,1
0.86
0.17
0.82
0.12
Σnu-f,2
0.45
0.12
0.73
Σkappa-f,1
0.60
0.19
Σkappa-f,2
0.33
Table 32. Participant-averaged PB-2 Unrodded Assembly Results at HFP
Parameter
kassembly
Σa,1, [cm-1]
Σa,2, [cm-1]
Σf,1, [cm-1]
Σf,2, [cm-1]
Σs,1→1, [cm-1]
Σs,1→2, [cm-1]
Σs,2→1, [cm-1]
Σs,2→2, [cm-1]
Σt,1, [cm-1]
Σt,2, [cm-1]
Σtr,1, [cm-1]
Σtr,2, [cm-1]
D1, [cm]
D2, [cm]
Σnu-f,1, [cm-1]
Σnu-f,2, [cm-1]
Value
1.3979
1.04E-02
1.09E-01
3.52E-03
7.76E-02
5.52E-01
1.68E-02
2.03E-03
1.30E+00
5.52E-01
1.41E+00
2.26E-01
9.25E-01
1.44E+00
3.58E-01
8.95E-03
1.89E-01
RSD (%)
0.471
0.783
0.235
0.367
0.321
0.876
1.120
0.336
0.142
0.880
0.132
2.504
0.162
1.280
4.587
0.430
0.371
Parameter
Σkappa-f,1, [cm-1]
Σkappa-f,2, [cm-1]
Φ1, [1/cm2s]
Φ2, [1/cm2s]
v-11, [s/m]
v-12, [s/m]
λ1, [s-1]
λ2, [s-1]
λ3, [s-1]
λ4, [s-1]
λ5, [s-1]
λ6, [s-1]
ADF1
ADF2
Pcenter pin, [W/cm]
Pcorner pin, [W/cm]
Value
1.11E-13
2.45E-12
1.24E+01
1.93E+00
5.45E-08
2.41E-06
1.25E-02
3.09E-02
1.14E-01
3.08E-01
1.22E+00
3.30E+00
9.82E-01
1.03E+00
1.07E+00
1.01E+00
RSD (%)
0.447
0.325
0.110
0.601
1.322
0.035
0.021
0.016
0.081
0.061
0.069
0.096
0.030
0.028
0.034
0.068
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Table 33. Correlation Coefficient Matrix for Select Output Parameters of PB-2 Unrodded Assembly at HFP
kassembly
Σa,1
Σa,2
Σf,1
Σf,2
Σs,1→2
Σtr,1
Σtr,2
D1
D2
Σnu-f,1
Σnu-f,2
Σkappa-f,1
Σkappa-f,2
kassembly
0.58
-0.47
-0.44
0.36
0.29
-0.08
-0.22
-0.12
0.20
0.00
0.43
0.59
0.37
0.39
Σa,1
0.93
0.27
-0.05
0.00
0.07
0.31
0.06
-0.57
0.05
-0.09
-0.04
-0.03
-0.06
Σa,2
0.30
0.04
0.54
0.15
0.01
0.11
-0.01
0.01
0.02
0.28
0.04
0.38
Σf,1
0.62
0.17
0.00
-0.30
0.00
0.25
0.03
0.83
0.14
1.00
0.19
Σf,2
0.34
-0.01
0.00
-0.02
-0.01
-0.01
0.12
0.74
0.17
1.01
Σs,1→2
0.73
0.07
0.70
-0.04
-0.40
0.03
0.05
0.04
0.07
Σtr,1
1.29
0.07
-0.82
-0.07
-0.27
0.00
-0.29
0.00
Σtr,2
0.59
-0.02
-0.70
0.02
-0.02
0.03
-0.03
D1
1.59
0.01
0.26
-0.02
0.22
-0.02
D2
0.25
0.01
0.04
0.02
0.06
Σnu-f,1
0.86
0.17
0.83
0.13
Σnu-f,2
0.46
0.12
0.73
Σkappa-f,1
0.62
0.19
Σkappa-f,2
0.33
Table 34. Participant-averaged TMI-1 Unrodded Assembly Results at HZP
Parameter
kassembly
Σa,1, [cm-1]
Σa,2, [cm-1]
Σf,1, [cm-1]
Σf,2, [cm-1]
Σs,1→1, [cm-1]
Σs,1→2, [cm-1]
Σs,2→1, [cm-1]
Σs,2→2, [cm-1]
Σt,1, [cm-1]
Σt,2, [cm-1]
Σtr,1, [cm-1]
Σtr,2, [cm-1]
D1, [cm]
D2, [cm]
Σnu-f,1, [cm-1]
Σnu-f,2, [cm-1]
Value
1.4123
1.09E-02
1.24E-01
3.57E-03
7.95E-02
5.45E-01
1.65E-02
1.76E-02
1.26E+00
5.60E-01
1.40E+00
2.79E-01
8.90E-01
1.44E+00
3.71E-01
8.99E-03
1.93E-01
RSD (%)
0.458
0.854
0.331
0.499
0.226
0.783
1.075
1.006
0.153
0.858
0.135
1.813
0.305
1.296
0.160
0.518
0.370
Parameter
Σkappa-f,1, [cm-1]
Σkappa-f,2, [cm-1]
Φ1, [1/cm2s]
Φ2, [1/cm2s]
v-11, [s/m]
v-12, [s/m]
λ1, [s-1]
λ2, [s-1]
λ3, [s-1]
λ4, [s-1]
λ5, [s-1]
λ6, [s-1]
ADF1
ADF2
Pcenter pin, [W/cm]
Pcorner pin, [W/cm]
Value
1.13E-13
2.54E-12
3.56E+01
5.55E+00
5.22E-08
2.39E-06
1.26E-02
3.10E-02
1.15E-01
3.09E-01
1.23E+00
3.32E+00
1.00E+00
1.19E+00
1.07E+00
1.01E+00 
RSD (%)
0.647
0.272
0.326
0.424
1.165
0.035
0.022
0.017
0.089
0.067
0.072
0.101
0.026
0.028
0.034
0.068 
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Table 35. Correlation Coefficient Matrix for Output Parameters of TMI-1 Unrodded Assembly at HZP
kassembly
Σa,1
Σa,2
Σf,1
Σf,2
Σs,1→2
Σtr,1
Σtr,2
D1
D2
Σnu-f,1
Σnu-f,2
Σkappa-f,1
Σkappa-f,2
kassembly
0.53
-0.39
-0.37
0.22
0.22
-0.10
-0.18
-0.11
0.12
-0.03
0.38
0.54
0.23
0.27
Σa,1
1.01
0.15
0.47
0.02
0.05
0.40
0.04
-0.69
0.04
0.29
0.00
0.47
0.00
Σa,2
0.27
0.15
0.83
0.21
0.01
0.24
0.00
-0.07
0.13
0.55
0.15
0.77
Σf,1
0.53
0.24
0.02
0.16
0.01
-0.47
0.06
0.83
0.18
1.00
0.25
Σf,2
0.34
0.02
0.00
0.04
0.00
-0.06
0.19
0.74
0.23
1.02
Σs,1→2
0.71
0.05
0.72
-0.01
-0.40
0.06
0.10
0.08
0.14
Σtr,1
1.27
0.07
-0.82
-0.08
0.03
0.00
0.14
0.00
Σtr,2
0.49
-0.02
-0.72
0.04
0.07
0.05
0.09
D1
1.71
0.02
-0.26
0.00
-0.46
0.00
D2
0.26
0.04
-0.01
0.05
-0.02
Σnu-f,1
0.61
0.29
0.83
0.21
Σnu-f,2
0.45
0.17
0.72
Σkappa-f,1
0.52
0.25
Σkappa-f,2
0.33
Table 36. Participant-averaged TMI-1 Unrodded Assembly Results at HFP
Parameter
kassembly
Σa,1, [cm-1]
Σa,2, [cm-1]
Σf,1, [cm-1]
Σf,2, [cm-1]
Σs,1→1, [cm-1]
Σs,1→2, [cm-1]
Σs,2→1, [cm-1]
Σs,2→2, [cm-1]
Σt,1, [cm-1]
Σt,2, [cm-1]
Σtr,1, [cm-1]
Σtr,2, [cm-1]
D1, [cm]
D2, [cm]
Σnu-f,1, [cm-1]
Σnu-f,2, [cm-1]
Value
1.3979
1.04E-02
1.09E-01
3.52E-03
7.76E-02
5.52E-01
1.68E-02
2.03E-03
1.30E+00
5.52E-01
1.41E+00
2.26E-01
9.25E-01
1.44E+00
3.58E-01
8.95E-03
1.89E-01
RSD (%)
0.471
0.783
0.235
0.367
0.321
0.876
1.120
0.336
0.142
0.880
0.132
2.504
0.162
1.280
0.150
0.430
0.371
Parameter
Σkappa-f,1, [cm-1]
Σkappa-f,2, [cm-1]
Φ1, [1/cm2s]
Φ2, [1/cm2s]
v-11, [s/m]
v-12, [s/m]
λ1, [s-1]
λ2, [s-1]
λ3, [s-1]
λ4, [s-1]
λ5, [s-1]
λ6, [s-1]
ADF1
ADF2
Pcenter pin, [W/cm]
Pcorner pin, [W/cm]
Value
1.11E-13
2.45E-12
1.24E+01
1.93E+00
5.45E-08
2.41E-06
1.25E-02
3.09E-02
1.14E-01
3.08E-01
1.22E+00
3.30E+00
9.82E-01
1.03E+00
1.07E+00
1.01E+00 
RSD (%)
0.447
0.325
0.110
0.601
1.322
0.035
0.021
0.016
0.081
0.061
0.069
0.096
0.030
0.028
0.034
0.068
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Table 37. Correlation Coefficient Matrix for Output Parameters of TMI-1 Unrodded Assembly at HFP
kassembly
Σa,1
Σa,2
Σf,1
Σf,2
Σs,1→2
Σtr,1
Σtr,2
D1
D2
Σnu-f,1
Σnu-f,2
Σkappa-f,1
Σkappa-f,2
kassembly
0.54
-0.39
-0.37
0.23
0.21
-0.09
-0.19
-0.10
0.12
-0.03
0.39
0.53
0.24
0.26
Σa,1
1.01
0.15
0.47
0.02
0.04
0.40
0.04
-0.68
0.04
0.28
0.00
0.46
0.00
Σa,2
0.27
0.15
0.83
0.19
0.00
0.22
0.01
-0.06
0.12
0.56
0.15
0.77
Σf,1
0.53
0.24
0.01
0.16
0.01
-0.47
0.05
0.83
0.18
1.00
0.25
Σf,2
0.34
0.01
0.00
0.03
0.00
-0.05
0.19
0.74
0.23
1.02
Σs,1→2
0.74
0.06
0.71
-0.02
-0.43
0.05
0.09
0.07
0.12
Σtr,1
1.27
0.07
-0.83
-0.08
0.03
0.00
0.13
0.00
Σtr,2
0.50
-0.02
-0.73
0.04
0.06
0.05
0.08
D1
1.71
0.02
-0.26
0.00
-0.46
0.00
D2
0.26
0.04
-0.01
0.05
-0.01
Σnu-f,1
0.62
0.29
0.83
0.21
Σnu-f,2
0.45
0.17
0.72
Σkappa-f,1
0.52
0.25
Σkappa-f,2
0.33
Table 38. Participant-averaged Kozloduy-6 Unrodded Assembly Results at HZP
Parameter
kassembly
Σa,1, [cm-1]
Σa,2, [cm-1]
Σf,1, [cm-1]
Σf,2, [cm-1]
Σs,1→1, [cm-1]
Σs,1→2, [cm-1]
Σs,2→1, [cm-1]
Σs,2→2, [cm-1]
Σt,1, [cm-1]
Σt,2, [cm-1]
Σtr,1, [cm-1]
Σtr,2, [cm-1]
D1, [cm]
D2, [cm]
Σnu-f,1, [cm-1]
Σnu-f,2, [cm-1]
Value
1.3199
9.30E-03
8.34E-02
2.59E-03
5.63E-02
5.36E-01
1.99E-02
8.92E-04
1.27E+00
5.69E-01
1.54E+00
2.26E-01
9.14E-01
1.45E+00
3.38E-01
6.56E-03
1.37E-01
RSD (%)
0.512
0.780
0.297
0.758
0.258
0.720
1.128
0.260
0.161
0.816
0.125
2.415
0.174
1.434
0.175
0.888
0.408
Parameter
Σkappa-f,1, [cm-1]
Σkappa-f,2, [cm-1]
Φ1, [1/cm2s]
Φ2, [1/cm2s]
v-11, [s/m]
v-12, [s/m]
λ1, [s-1]
λ2, [s-1]
λ3, [s-1]
λ4, [s-1]
λ5, [s-1]
λ6, [s-1]
ADF1
ADF2
Pcenter pin, [W/cm]
Pcorner pin, [W/cm]
Value
8.19E-14
1.79E-12
3.74E+01
7.79E+00
5.84E-08
2.51E-06
1.25E-02
3.07E-02
1.13E-01
3.05E-01
1.18E+00
3.14E+00
N/A
N/A
N/A
N/A
RSD (%)
0.742
0.256
0.574
0.547
1.239
0.035
0.015
0.012
0.058
0.043
0.052
0.073
N/A
N/A
N/A
N/A
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Table 39. Participant-averaged Kozloduy-6 Unrodded Assembly Results at HFP
Parameter
kassembly
Σa,1, [cm-1]
Σa,2, [cm-1]
Σf,1, [cm-1]
Σf,2, [cm-1]
Σs,1→1, [cm-1]
Σs,1→2, [cm-1]
Σs,2→1, [cm-1]
Σs,2→2, [cm-1]
Σt,1, [cm-1]
Σt,2, [cm-1]
Σtr,1, [cm-1]
Σtr,2, [cm-1]
D1, [cm]
D2, [cm]
Σnu-f,1, [cm-1]
Σnu-f,2, [cm-1]
Value
1.3167
8.25E-03
6.70E-02
2.29E-03
4.42E-02
5.33E-01
1.94E-02
1.24E-03
1.44E+00
5.61E-01
1.51E+00
2.24E-01
8.96E-01
1.52E+00
3.41E-01
6.53E-03
1.37E-01
RSD (%)
0.487
0.841
0.242
0.501
0.332
0.818
1.127
0.336
0.131
0.828
0.122
2.382
0.162
1.593
0.143
0.715
0.464
Parameter
Σkappa-f,1, [cm-1]
Σkappa-f,2, [cm-1]
Φ1, [1/cm2s]
Φ2, [1/cm2s]
v-11, [s/m]
v-12, [s/m]
λ1, [s-1]
λ2, [s-1]
λ3, [s-1]
λ4, [s-1]
λ5, [s-1]
λ6, [s-1]
ADF1
ADF2
Pcenter pin, [W/cm]
Pcorner pin, [W/cm]
Value
8.02E-14
1.74E-12
8.26E-01
1.74E-01
5.79E-08
2.48E-06
1.25E-02
3.07E-02
1.13E-01
3.05E-01
1.18E+00
3.15E+00
N/A
N/A
N/A
N/A
RSD (%)
0.469
0.339
0.224
1.061
1.231
0.037
0.015
0.012
0.058
0.044
0.053
0.075
N/A
N/A
N/A
N/A
Table 40. Participant-averaged GEN-III Unrodded Assembly Type 1 Results at HFP
Parameter
kassembly
Σa,1, [cm-1]
Σa,2, [cm-1]
Σf,1, [cm-1]
Σf,2, [cm-1]
Σs,1→1, [cm-1]
Σs,1→2, [cm-1]
Σs,2→1, [cm-1]
Σs,2→2, [cm-1]
Σt,1, [cm-1]
Σt,2, [cm-1]
Σtr,1, [cm-1]
Σtr,2, [cm-1]
D1, [cm]
D2, [cm]
Σnu-f,1, [cm-1]
Σnu-f,2, [cm-1]
Value
1.2517
9.82E-03
1.07E-01
3.14E-03
6.87E-02
5.48E-01
1.64E-02
1.84E-03
1.21E+00
5.29E-01
1.31E+00
2.17E-01
8.63E-01
1.54E+00
3.86E-01
6.64E-03
1.31E-01
RSD (%)
0.489
1.039
0.455
0.370
0.322
0.891
1.267
0.348
0.153
0.884
0.144
2.544
0.200
1.734
0.171
0.792
0.450
Parameter
Σkappa-f,1, [cm-1]
Σkappa-f,2, [cm-1]
Φ1, [1/cm2s]
Φ2, [1/cm2s]
v-11, [s/m]
v-12, [s/m]
λ1, [s-1]
λ2, [s-1]
λ3, [s-1]
λ4, [s-1]
λ5, [s-1]
λ6, [s-1]
ADF1
ADF2
Pcenter pin, [W/cm]
Pcorner pin, [W/cm]
Value
6.39E-14
1.20E-12
8.11E-01
1.89E-01
5.64E-08
2.42E-06
1.25E-02
3.07E-02
1.13E-01
3.06E-01
1.19E+00
3.18E+00
1.00E+00
1.02E+00
N/A
N/A 
RSD (%)
0.864
0.336
0.248
1.064
1.322
0.034
0.020
0.016
0.080
0.060
0.071
0.100
0.011
0.009
N/A
N/A
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Table 41. Participant-averaged GEN-III Unrodded Assembly Type 2 Results at HFP
Parameter
kassembly
Σa,1, [cm-1]
Σa,2, [cm-1]
Σf,1, [cm-1]
Σf,2, [cm-1]
Σs,1→1, [cm-1]
Σs,1→2, [cm-1]
Σs,2→1, [cm-1]
Σs,2→2, [cm-1]
Σt,1, [cm-1]
Σt,2, [cm-1]
Σtr,1, [cm-1]
Σtr,2, [cm-1]
D1, [cm]
D2, [cm]
Σnu-f,1, [cm-1]
Σnu-f,2, [cm-1]
Value
1.1234
1.05E-02
1.17E-01
3.10E-03
6.61E-02
5.48E-01
1.60E-02
2.30E-03
1.21E+00
5.32E-01
1.33E+00
2.17E-01
8.74E-01
1.54E+00
3.81E-01
7.85E-03
1.61E-01
RSD (%)
0.493
1.033
0.314
0.391
0.321
0.892
1.273
0.328
0.154
0.884
0.143
2.501
0.197
1.728
0.169
0.577
0.445
Parameter
Σkappa-f,1, [cm-1]
Σkappa-f,2, [cm-1]
Φ1, [1/cm2s]
Φ2, [1/cm2s]
v-11, [s/m]
v-12, [s/m]
λ1, [s-1]
λ2, [s-1]
λ3, [s-1]
λ4, [s-1]
λ5, [s-1]
λ6, [s-1]
ADF1
ADF2
Pcenter pin, [W/cm]
Pcorner pin, [W/cm]
Value
9.72E-14
2.06E-12
8.81E-01
1.19E-01
5.59E-08
2.33E-06
1.25E-02
3.09E-02
1.14E-01
3.08E-01
1.21E+00
3.27E+00
1.01E+00
1.10E+00
N/A
N/A 
RSD (%)
0.387
0.319
0.156
1.152
1.267
0.034
0.027
0.021
0.106
0.080
0.086
0.121
0.011
0.023
N/A
N/A 
Table 42. Participant-averaged GEN-III Unrodded Assembly Type 3 Results at HFP
Parameter
kassembly
Σa,1, [cm-1]
Σa,2, [cm-1]
Σf,1, [cm-1]
Σf,2, [cm-1]
Σs,1→1, [cm-1]
Σs,1→2, [cm-1]
Σs,2→1, [cm-1]
Σs,2→2, [cm-1]
Σt,1, [cm-1]
Σt,2, [cm-1]
Σtr,1, [cm-1]
Σtr,2, [cm-1]
D1, [cm]
D2, [cm]
Σnu-f,1, [cm-1]
Σnu-f,2, [cm-1]
Value
0.9865
1.03E-02
1.15E-01
2.75E-03
5.59E-02
5.50E-01
1.67E-02
2.17E-03
1.21E+00
5.33E-01
1.33E+00
2.17E-01
8.76E-01
1.53E+00
3.81E-01
7.14E-03
1.41E-01
RSD (%)
0.522
1.032
0.305
0.485
0.327
0.890
1.264
0.321
0.154
0.884
0.142
2.510
0.196
1.733
0.169
0.703
0.397
Parameter
Σkappa-f,1, [cm-1]
Σkappa-f,2, [cm-1]
Φ1, [1/cm2s]
Φ2, [1/cm2s]
v-11, [s/m]
v-12, [s/m]
λ1, [s-1]
λ2, [s-1]
λ3, [s-1]
λ4, [s-1]
λ5, [s-1]
λ6, [s-1]
ADF1
ADF2
Pcenter pin, [W/cm]
Pcorner pin, [W/cm]
Value
8.79E-14
1.81E-12
8.71E-01
1.29E-01
5.60E-08
2.34E-06
1.25E-02
3.09E-02
1.15E-01
3.09E-01
1.22E+00
3.27E+00
1.03E+00
1.16E+00
N/A
N/A 
RSD (%)
0.487
0.290
0.168
1.137
1.282
0.032
0.030
0.023
0.119
0.090
0.097
0.136
0.046
0.044
N/A
N/A 
5.3 Exercise I-3 Results
5.3.1 Set 1
For each of the four test cases of Set 1 (PB-2, TMI-1,
Kozloduy-6, and GEN-III UOX and MOX), the only
requested output that was submitted by participants was
keff. These participant-averaged values of keff are summarized
in Table 44 for each test case. No results were submitted
by participants for PB-2, TMI-1, and Kozloduy-6 for
HFP conditions. Similarly, no results were submitted for
the GEN-III UOX and MOX cases at HZP conditions.
Normalized radial power distributions for the core
are available for every case listed in Table 44. For the
PB-2 core at HZP, the radial power distribution is displayed
in Fig. 11 with relative standard deviations for those
assembly powers displayed in Fig. 12. The normalized
axial core power distribution for this case is displayed in
Table 45 where axial layer 24 and 1 correspond to the top
and bottom of the active fuel length, respectively.
The normalized assembly powers and their uncertainties
for the TMI-1 core at HZP are displayed in Fig. 13 for two
participants. Similarly, the radial normalized power distri-
bution for the Kozloduy-6 core at HZP is shown in Fig. 14
while the relative uncertainties of the assembly powers are
displayed in Fig. 15. Lastly, the normalized assembly powers
and their uncertainties for the GEN-III UOX and MOX cores
at HFP are shown in Figs. 16 and 17, respectively.
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Table 43. Participant-averaged GEN-III Unrodded Assembly Type 4 Results at HFP
Parameter
kassembly
Σa,1, [cm-1]
Σa,2, [cm-1]
Σf,1, [cm-1]
Σf,2, [cm-1]
Σs,1→1, [cm-1]
Σs,1→2, [cm-1]
Σs,2→1, [cm-1]
Σs,2→2, [cm-1]
Σt,1, [cm-1]
Σt,2, [cm-1]
Σtr,1, [cm-1]
Σtr,2, [cm-1]
D1, [cm]
D2, [cm]
Σnu-f,1, [cm-1]
Σnu-f,2, [cm-1]
Value
1.0917
1.65E-02
3.26E-01
4.54E-03
1.91E-01
5.52E-01
9.78E-03
5.03E-03
1.20E+00
5.25E-01
1.42E+00
2.23E-01
1.06E+00
1.48E+00
3.16E-01
1.26E-02
4.12E-01
RSD (%)
0.965
0.971
0.502
0.506
0.623
0.947
1.404
0.353
0.158
0.933
0.148
2.372
0.172
1.517
0.157
0.719
0.923
Parameter
Σkappa-f,1, [cm-1]
Σkappa-f,2, [cm-1]
Φ1, [1/cm2s]
Φ2, [1/cm2s]
v-11, [s/m]
v-12, [s/m]
λ1, [s-1]
λ2, [s-1]
λ3, [s-1]
λ4, [s-1]
λ5, [s-1]
λ6, [s-1]
ADF1
ADF2
Pcenter pin, [W/cm]
Pcorner pin, [W/cm]
Value
1.45E-13
5.61E-12
9.61E-01
3.94E-02
4.11E-08
2.15E-06
1.21E-02
2.87E-02
1.20E-01
3.09E-01
1.11E+00
2.77E+00
9.94E-01
1.34E+00
8.30E-01
5.81E-01 
RSD (%)
0.455
0.576
0.053
1.301
1.362
0.057
0.049
0.059
0.077
0.072
0.123
0.207
0.032
0.056
0.227
0.648 
Fig. 11. Normalized Radial Power Distribution of the PB-2 Core
at HZP.
Case
PB-2
TMI-1
KOZ-6
GEN-III MOX
GEN-III UOX
Condition
HZP
HZP
HZP
HFP
HFP
Value
0.9781
1.3019
1.0010
1.0051
1.0055
RSD (%)
0.548
0.454
0.555
0.548
0.590
Table 44. Participant-averaged keff Values for Each Submitted
Case
5.3.5 Set 5
Of the requested output for Set 5, only the sensitivity
breakdowns of βeff are provided for each case. The sen-
sitivity breakdowns for βeff of the 7A and 7B R-Z models
are displayed in Tables 46 and 47, respectively. The
sensitivity breakdowns for βeff of the 7A and 7B 3D
models are displayed in Tables 48 and 49, respectively.
6. DISCUSSION OF SUBMITTED RESULTS
In general, at this stage the participation in Phase I of
this benchmark is observed to decrease with the progression
of the exercises. Specifically, Exercise I-1 has the most
submitted results while Exercise I-2 has less and Exercise
I-3 has had even fewer submitted results. This can be
attributed to the increasing difficulty of the exercises.
However, more participation in this benchmark is expected
in the near future. This is because new and improved
methods have been developed and implemented in several
calculation sequences from the participants during bench-
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24
23
22
21
20
19
18
17
16
15
14
13
12
11
10
9
8
7
6
5
4
3
2
1
Axial Layer
1.079
1.813
2.385
2.647
2.582
2.443
2.244
1.991
1.689
1.347
0.976
0.699
0.487
0.345
0.254
0.200
0.174
0.152
0.131
0.112
0.093
0.074
0.056
0.031
Normalized Power
0.70
0.63
0.56
0.46
0.33
0.20
0.09
0.08
0.18
0.31
0.49
0.72
1.02
1.36
1.71
2.06
2.36
2.59
2.79
2.94
3.05
3.11
3.13
3.21
RSD (%)
Table 45. Normalized Axial Power Distribution for PB-2 Core
at HZP
Fig. 12. Relative Standard Deviations (%) of Normalized Radial
Powers of the PB-2 Core at HZP.
Fig. 13. Normalized Radial Power Distribution (Left) and Relative Assembly Power Uncertainties (Right) from the Submitted Results
of Two Participants
mark activities related to Phase I of the OECD/NEA
UAM-LWR benchmark. In other words, benchmark
participation has served as motivation for the development
of the needed methodologies by the participants. With
these newer, improved, and more capable methodologies,
more participants are expected to submit results for Exercises
I-2 and I-3. More participation will be beneficial in order
to properly interpret the results of each exercise. Of course,
the participation that has been observed to-date is greatly
appreciated by the benchmark team. 
For every case considered in Exercise I-1 which
considers UOX fuel, it is observed that the neutron-
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Fig. 14. Normalized Radial Power Distribution of the Kozloduy-
6 Core at HZP.
Fig. 16. Normalized Radial Power Distribution (Left) and Relative Assembly Power Uncertainties (Right) of Submitted Results of Two
Participants.
Fig. 17. Normalized radial Power Distribution (Left) and Relative Assembly Power Uncertainties (Right) of the GEN-III MOX Core at
HFP for CEA (Top) and GRS (Bottom) Submitted Results.
Fig. 15. Relative Standard Deviations (%) of Normalized Radial
Powers of the Kozloduy-6 Core at HZP.
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Table 46. Sensitivity Breakdown of βeff for the SNEAK 7A R-Z Case
U-235
U-238
Pu-239
Pu-240
Pu-241
Pu-242
Elastic
8.79E-04
1.02E-01
6.42E-03
6.77E-04
4.53E-05
3.38E-06
Inelastic
-2.41E-04
-1.69E-02
-1.35E-03
-1.71E-04
-1.74E-05
-1.27E-06
n, 2n
1.51E-05
1.11E-03
6.78E-05
4.61E-06
3.12E-06
5.41E-08
n, f
3.67E-02
8.70E-02
5.40E-01
1.39E-02
5.97E-03
4.88E-05
n, γ
-5.13E-03
-1.58E-01
-5.83E-02
-5.43E-03
-4.43E-04
-2.28E-05
νdel
3.18E-04
1.81E-03
1.50E-03
5.27E-05
4.19E-05
3.97E-07
νp
5.54E-02
1.35E-01
7.77E-01
2.01E-02
8.58E-03
7.04E-05
Table 47. Sensitivity Breakdown of βeff for the SNEAK 7B R-Z Case
U-235
U-238
Pu-239
Pu-240
Pu-241
Elastic
6.79E-04
7.82E-02
3.65E-03
3.91E-04
2.53E-05
Inelastic
-9.70E-04
-6.50E-02
-3.55E-03
-3.49E-04
-4.30E-05
n, 2n
1.32E-05
9.38E-04
2.72E-05
1.67E-06
1.29E-06
n, f
6.20E-02
1.14E-01
5.08E-01
1.12E-02
5.55E-03
n, γ
-7.28E-03
-2.51E-01
-3.90E-02
-3.91E-03
-3.16E-04
νdel
5.01E-04
2.36E-03
1.26E-03
3.97E-05
3.44E-05
νp
9.03E-02
1.83E-01
6.99E-01
1.62E-02
7.56E-03
Table 48. Sensitivity Breakdown of βeff for the SNEAK 7A 3D Case
U-235
U-238
Pu-239
Pu-240
Pu-241
Pu-242
Elastic
9.36E-04
1.01E-01
6.43E-03
6.78E-04
4.55E-05
3.21E-06
Inelastic
-1.99E-04
-1.75E-02
-1.27E-03
-1.66E-04
-1.66E-05
-1.21E-06
n, 2n
-3.16E-05
1.11E-03
6.79E-05
4.61E-06
3.15E-06
5.21E-08
n, f
3.52E-02
8.78E-02
5.40E-01
1.39E-02
5.98E-03
4.70E-05
n, γ
-4.83E-03
-1.61E-01
-5.96E-02
-5.54E-03
-4.52E-04
-2.16E-05
νdel
3.01E-04
1.83E-03
1.50E-03
5.28E-05
4.21E-05
3.83E-07
νp
5.28E-02
1.36E-01
7.78E-01
2.01E-02
8.62E-03
6.79E-05
Table 49. Sensitivity Breakdown of βeff for the SNEAK 7B 3D Case
U-235
U-238
Pu-239
Pu-240
Pu-241
Pu-242
Elastic
7.08E-04
7.59E-02
3.67E-03
3.94E-04
2.55E-05
1.88E-06
Inelastic
-8.82E-04
-6.56E-02
-3.56E-03
-3.50E-04
-4.31E-05
-2.21E-06
n, 2n
-5.31E-05
9.10E-04
2.68E-05
1.64E-06
1.28E-06
1.94E-08
n, f
5.96E-02
1.15E-01
5.11E-01
1.13E-02
5.61E-03
3.67E-05
n, γ
-6.93E-03
-2.20E-01
-3.88E-02
-3.89E-03
-3.16E-04
-1.55E-05
νdel
4.80E-04
2.37E-03
1.26E-03
3.98E-05
3.46E-05
2.79E-07
νp
8.66E-02
1.84E-01
7.01E-01
1.62E-02
7.61E-03
5.28E-05
nuclide reaction contributing most to the uncertainty in
keff is radiative capture of 238U. For these cases, the average
number of neutrons released per 235U fission event (nu-
bar of 235U) is typically the second most significant
contributor. This trend is also observed in the UOX cases
of Exercise I-2. The significance of 238U radiative capture
can be attributed to the high probability of a neutron
absorption event occurring with this nuclide. This is of
course due to the relatively large amount of 238U present
in UOX fuel as well as the relatively large absorption
cross-section of 238U when compared to the other isotopes
present in the fuel. Therefore, since there is a relatively
high probability of this reaction occurring, the uncertainty
in the cross-section of this reaction contributes more to the
uncertainty in keff. Furthermore, the correlation coefficient
between the absorption cross-section of 238U and keff has
been observed to have the largest magnitude of all keff
correlation coefficients (for UOX cases). Since these two
values are correlated to such an extent, it is to be expected
that the uncertainty in the cross-section will significantly
contribute to the uncertainty in keff. The second most
significant uncertainty contributor for UOX fuel (nu-bar
of 235U) can be justified by understanding the intimate
relationship between the keff of the system of interest and
the number of neutrons released per 235U fission event.
Effectively, this uncertainty will contribute to the uncertainty
in keff whenever a 235U fission event occurs. Since this
reaction (235U fission) is expected to occur quite often in
UOX fuel, the uncertainty in nu-bar is expected to contribute
significantly to the uncertainty in keff. The less significant
contributors to keff uncertainty are understandably harder to
predict. However, the third most significant contributor
to keff uncertainty for UOX fuel is generally observed to be
the radiative absorption reaction of 235U. The justification
of the significance of this reaction is similar to that of the
radiative capture reaction of 238U: the correlation coefficient
of keff and radiative capture cross-section of 235U is relatively
large in magnitude and this reaction is relatively likely to
occur. It was found that, in general, uncertainties of output
parameters increase with increasing temperature (e.g.:
from HZP to HFP conditions) while keff decreases. This
increase in the uncertainty is due to the increase in sen-
sitivity of the largest contributing reaction of uncertainty,
namely the neutron capture reaction 238U (n, γ) due to
Doppler broadening. When depletion is involved for UOX
fuel (Exercise I-1b), the major contributor 238U (n, γ) is
replaced by 239Pu nu-bar (average number of neutrons per
fission reaction) as the fuel burnup accumulates (beginning
at approximately 15 GWd/MTU).
A remarkable increase in uncertainty in keff was observed
for the case of MOX fuel.  The increase in uncertainty of
keff was three to four times in UOX-Gd2O3 fuel while in
MOX fuel, it was nearly twice the corresponding value in
UOX fuel. The neutron-nuclide reaction of 238U, mainly
inelastic scattering (n, n’), contributed to the increase of
uncertainties in these two types of fuels since there is a
shift in the neutron spectrum to higher energy as compared
to the UOX fuel which has a more thermal spectrum. For
MOX fuel the plutonium isotopes are observed to have
significant contributions to the uncertainty in keff. In particular,
the uncertainty in the average number of neutrons released
per fission for 239Pu (nu-bar 239Pu) is observed to contribute
significantly. This is likely due to the relatively large
radiative absorptive cross-section of 239Pu, which is over
twice as large as the equivalent reaction of 235U (for 0.253
eV neutrons). It is understandable why the uncertainty in
nu-bar 239Pu is more significant than 235U for MOX fuels
due to a) this reaction is much more likely to occur than
the equivalent reaction of 235U, b) these isotopes are present
in MOX fuel with concentrations comparable to the uranium
isotopes and c) the number of neutrons released in a 239Pu
fission event has an uncertainty of its own. The other
significant contributor to keff uncertainty, the fission cross-
section of 239Pu, can be justified with similar logic. This
reaction is understood to contribute less than the uncertainty
in nu-bar 239Pu since its uncertainty directly contributes to
the uncertainty in nu-bar 239Pu. A key observed difference
between UOX and MOX fuel keff uncertainty contributors
is the significance of the inelastic scattering reaction of
238U. This is likely due to the higher probability of fast
neutrons production from fission events. This is to be
expected due to the presence of 239Pu which has a higher
probability to produce a fast neutron from a fission event
than 235U. Therefore the moderation through the inelastic
scattering of 238U becomes more significant and contributes
more uncertainty to keff.
With regard to the radial power distributions of the
TMI-1, Kozloduy-6, and GEN-III cores of Exercise I-3,
it is observed that the relative uncertainty in the assembly
power is significantly higher near the center of the core
when compared to the periphery. This is due to the fact
that this region has a significantly higher neutron flux than
that of the periphery. Due to this higher neutron flux, the
reaction rates of that region increase and consequently the
uncertainties in the cross-sections of those reactions play
a more significant role in the assembly power uncertainty.
The uncertainty distribution has the “valley” in the middle
area between core center and peripheral regions in PWRs,
as shown in Figure 13, 16, and 17. The previous study [18]
suggests that they can be explained by excitation of higher
order modes in a core. This effect is less pronounced in
the PB-2 core where the assemblies near the center of the
core are generally observed to have lower relative uncer-
tainties in their powers than those near the periphery of
the core. This difference is further observed when the axial
power distribution of PB-2 is considered where regions
of higher power have lower relative uncertainties. This
difference between assembly power relative uncertainties
is currently being investigated and would be aided by further
participation in Exercise I-3. 
From the results of the SNEAK models of Exercise I-
3, the nuclide reactions that βeff is most sensitive to can
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be determined. Neutron-nuclide reactions with the highest
sensitivity magnitudes for each of the SNEAK cases
generally correspond to elastic scattering of 238U, fission
of 238U and 239Pu, radiative capture of 238U, and the prompt
neutron fraction of 238U and 239Pu. Further analysis of these
results can be found in Ref. 17.
7. CONCLUSIONS
The cross-section uncertainty information is considered
to be the most important source of input uncertainty for
Phase I of the OECD/NEA UAM-LWR benchmark. The
cross-section related uncertainties are propagated through
the three Exercises of Phase I. In Exercise I-2 manufacturing
and geometry (technological) uncertainties are added to
account for additional sources of uncertainty in lattice
physics calculations. It was found (although not shown in
this report) that the contribution of manufacturing uncer-
tainties to the prediction uncertainty of neutronics parameters
of interest is generally smaller than the contribution of
cross-section uncertainties.
Several valuable observations have been made with
respect to significant cross-section related contributors to
keff uncertainty. These significant contributors should be
the focus of rigorous measurements and analytical studies
in order to reduce their uncertainties. For example, it was
found that the uncertainty in keff is dominated by neutron
interactions with 238U in both studies at varying temperatures
and compositions. The following tendencies have been
observed:
a) Increasing temperature leads to increasing uncertainty
in keff;
b) Decreasing 238U in fuel composition leads to decreas-
ing uncertainty in keff;
c) Major contributors to keff uncertainty are affected
by shifts in the neutron spectrum.
As a result, the fast group cross-section uncertainties
are much larger than the thermal cross-section uncertainties
due to the larger role of 238U. When these high-quality
measurements are utilized in criticality calculations, the
predicted keff uncertainty could be reduced significantly.
Further, the relative uncertainty in assembly powers has
been observed to be higher for high-flux regions of TMI-
1, Kozloduy-6, and GEN-III cores. However, a contrary
behavior is observed for the PB-2 core at HZP where
assembly powers of the central region of the core have a
lower relative uncertainty than assembly powers near the
periphery. This behavior is to be analyzed further once
additional results are submitted for all cases.
New and improved methods have been developed
and implemented in several calculation sequences from
the participants during benchmark activities related to
Phase I of the OECD/NEA UAM-LWR benchmark. Such
diversity is important for the progress of the project. Further,
the collaboration of the UAM benchmark group with the
SCALE team at the Oak Ridge National Laboratory (ORNL),
USA has been shown to be very productive and vital to
the benchmark. One of the outcomes of this benchmark
was the finding that the propagation of cross-section
uncertainties, uncertainties of depletion and kinetics
parameters, and manufacturing uncertainties in core
calculations can be done simultaneously in a practical
manner by combining deterministic, stochastic, and
sensitivity analysis methodologies.
As the OECD/NEA UAM-LWR activities advance,
the intention is to publish similar summary articles at
different stages of the benchmark. For more information
about the OECD/NEA UAM-LWR benchmark please visit
http://www.oecd-nea.org/science/wprs/egrsltb/UAM.
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